Octakis(1-propyl-1H-1,2,3-triazole-4-yl(methyl 2-chlorobenzoate))octasilsesquioxanes as functionalized silsesquioxanes were synthesized via click reaction (copper-catalyzed Huisgen 1,3-dipolar cycloaddition reaction) between azidemoiety functionalized silsesquioxane and prop-2-ynyl 2-chlorobenzoate. The latter one was synthesized via the condensation reaction of propargyl alcohol and 2-chlorobenzoyl chloride in the presence of SBA-Pr-NH 2 (Santa Barbara Amorphous type material) as a nano basic catalyst. This approach provides a simple and convenient route to efficiently functionalize a wide range of new structures on the surface of silsesquioxanes.
Introduction
Organic-inorganic hybrid nanomaterials with well-defined architectures have recently attracted a great deal of attention because of their remarkable performances as materials with controlled morphology at nanometer scale. 1, 2 In the past years, polyhedral oligomeric silsesquioxanes (POSS) continue to be of interest for further functionalization with reactive groups to develop nano-hybrid materials. [3] [4] [5] [6] [7] They have been widely utilized to produce hybrid materials with improved properties such as enhanced thermomechanical properties, 8, 9 good thermal stability, 10 atom oxygen resistance, 11 abrasion resistance, 12 and low water uptake. 13 POSS with rigid cage-like structures are a class of important nano-sized molecules consisting of an inorganic Si-O-Si core. A typical POSS molecule possesses a cubic rigid (T 8 ) structure represented by the formula R 8 Si 8 O 12 , where the central inorganic core (Si 8 O 12 ) is functionalized with organic moieties (R) at each of the eight vertices. 14, 15 Organic groups are introduced into the molecule either directly, during the synthesis or by a transformation of existing groups. 16 Over the last years, researchers have made a library of functionalized POSS compounds such as octaphenols, 17 octaisocyanates, 18 oligoethylene oxides, 19 and liquid crystalline materials.
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The copper-catalyzed Huisgen azide-alkyne cycloaddition reaction (click chemistry CuAAC) as an entry point to 1,4-substituted triazoles is a versatile tool, now widely used for conjugation of a variety of molecules. 21, 22 To date several synthetic routes to click functionalized silsesquioxanes have been reported for azido substituted POSS. [23] [24] [25] [26] This paper deals first with the synthesis of octakis(1-propyl-1H-1,2,3-triazole-4-yl(methyl 2-chlorobenzoate))POSS scaffold 5 by copper catalyzed click cycloaddition reaction as a useful approach for the synthesis of functionalized silsesquioxane. Also, in our continued interest towards the application of nano-porous heterogeneous solid catalysts to the synthesis of heterocyclic Ziarani et al.: Synthesis of a Nanostructured Composite: ... compounds, [27] [28] [29] we have decided to use SBA-Pr-NH 2 as a heterogeneous solid basic catalyst in the synthesis of prop-2-ynyl 2-chlorobenzoate. SBA-15 is a kind of mesoporous silica featuring a well-ordered hexagonal structure, large pore size, high surface area, and high thermal stability that can conveniently include functional groups into its mesoporous framework to create efficient solid catalysts with improved catalytic properties as compared to conventional homogeneous and heterogeneous catalysts.
Experimental

1. Materials and Instrumentations
All chemicals were obtained commercially and used without further purification. Fourier transform-infrared (FT-IR) spectroscopic measurements were performed using a Bruker 500 scientific spectrometer as KBr pellets. NMR spectra were obtained on a Bruker DPX-250 instrument (250 MHz for 1 H and 62.5 MHz for 13 C), in CDCl 3 as the solvent. Chemical shifts are reported in δ from TMS. GC-Mass analysis was performed on a GC-Mass model: 5973 network mass selective detector, GC 6890 Agilent. Melting points were measured using the capillary tube method with an electro thermal 9200 apparatus. Transmission electron microscopy (TEM) analysis was performed on a Tecnai G 2 F30 at 300 kV.
General Procedure for the Preparation of Catalyst
The SBA-Pr-NH 2 was prepared according to our previous report. 30 For the synthesis of SBA-Pr-NH 2 , calcined SBA-15 (5 g) was activated at 200 °C under vacuum for 5 h to remove any surface humidity and subsequently was refluxed in dry toluene (150 mL). 3-Aminopropyltrimethoxysilane (APTMS) (30.2 mmol) was then slowly added to the mixture and the reaction was refluxed at 110 °C for 24 h. The mixture was then filtered and washed with toluene and any residual organosilane was removed by Soxhlet extraction in ethanol over a 24 h period to obtain SBA-Pr-NH 2 .
3. General Procedure for the Synthesis of Prop-2-ynyl 2-chlorobenzoate 4
The SBA-Pr-NH 2 (0.01 g) was activated in vacuum at 100 °C and then after cooling to room temperature, propargyl alcohol (13 mmol, 0.75 mL) and 2-chlorobenzoyl chloride (10 mmol, 1.3 mL) were added to it in a 10 mL round bottom flask. The mixture was stirred for 15 min at 90 °C. The completion of the reaction was indicated by TLC using n-hexane : ethyl acetate (3:1) as the eluent. The SBA-Pr-NH 2 was separated simply by filtration and reaction mixture was dissolved in n-hexane. Finally, the gradual evaporation of solvent resulted in the formation of pure crystals of product 4.
4. General Procedure for the Preparation of POSS-(Cl) 8 31
3-(Chloropropyl)trimethoxysilane (13.8 mL, 75 mmol, 15 g) was added over ten minutes to a solution mixture of concentrated HCl (5 mL) and dry methanol (150 mL) at room temperature under vigorous stirring and mixed for 2 h, followed by remaining static for 48 h. After this time, di-n-butyltin dilaurate (0.11 mL, 0.5 mmol, 0.15 g) was added as the catalyst. Finally, the white crystals of 2 were collected, washed with methanol for several times and dried under vacuum.
5. General Procedure for the Preparation of POSS-(N 3
) 8
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POSS-(Cl) 8 (0.935 mmol, 0.98 g) and NaN 3 (2.13 g) were added to a flask equipped with a magnetic stirrer along with 17 mL of anhydrous N,N-dimethylformamide (DMF). The reaction was carried out at 120 °C for 48 h. After completion of the reaction, distilled water was added and the mixture was extracted with CH 2 Cl 2 . Organic layers were dried over anhydrous magnesium sulphate, filtered and concentrated under reduced pressure to obtain the final product; a yellow viscose liquid 3.
6. General Procedure for the Preparation of POSS-(R) 8 via Click Reaction
A solution mixture of POSS-(N 3 ) 8 (0.344 mmol, 0.375 g), prop-2-ynyl 2-chlorobenzoate (8.6 mmol, 1.67 g), and CH 2 Cl 2 (40 mL) were added into a 100 mL flask. Then, CuSO 4 5H 2 O (0.042 g) and sodium ascorbate (0.66 g) were added to the solution mixture and it was kept stirring for 24 h at room temperature. The suspension was then filtered to remove extra unsolvable salts (copper(II) sulfate and sodium ascorbate) and was concentrated under reduced pressure. Finally, petroleum ether was added to remove all other remaining impurities and to obtain the resulted viscose liquid product 5. 1,3,5,7,9,11,13,15-Octakis(3-chloropropyl) 1,3,5,7,9,11,13,15-Octakis(1-propyl-1H-1,2,3-triazole-4-yl(methyl 2-chlorobenzoate) 
7. Spectral Data of Products
Results and Discussion
Here we report the synthesis of octakis(1-propyl-1H-1,2,3-triazole-4-yl(methyl 2-chlorobenzoate))octasilsesquioxane 5 using Cu(I)-catalyzed azide-alkyne click reaction strategy (Scheme 1). In this study, prop-2-ynyl 2-chlorobenzoate 4 was selected as the propargyl-containing moiety which was synthesized via the condensation reaction of propargyl alcohol 6 and 2-chlorobenzoyl chloride 7 in the presence of SBA-Pr-NH 2 as a recyclable basic catalyst (Scheme 2).
In terms of optimization of reaction conditions for the synthesis of prop-2-ynyl 2-chlorobenzoate 4, the catalyst-free system was examined and it was observed that under this condition, the reaction did not proceed satisfactory. The reaction was then carried out in the presence of SBA-Pr-NH 2 under solvent-free condition at different temperatures. As shown in Table 1 , among the various temperatures, the best result was obtained at 90 °C. It was concluded that the yield of products is a function of temperature and the yield was increased as the reaction temperature was raised. After completion of the reaction (monitored by TLC), SBA-Pr-NH 2 was separated by simple filtration and the pure crystals of product were obtained in n-hexane as the crystallization solvent.
configuration of the pores in SBA-15. This indicated that the pores in SBA-Pr-NH 2 had not collapsed during the functionalization reaction. The suggested mechanism for the SBA-Pr-NH 2 catalyzed synthesis of prop-2-ynyl 2-chlorobenzoate 4 is shown in Scheme 3. First, SBA-Pr-NH 2 deprotonates the OH group of propargyl alcohol with subsequent nucleophilic attack to carbonyl group of 2-chloro benzoyl chloride affording the final product 4.
SBA-Pr-NH 2 was used as a nanoporous catalyst in the synthesis of 4. The TEM image of SBA-Pr-NH 2 (Figure 1) showed the parallel channels, which resembled the Then, to a standard »click« protocol, first, POSS-(Cl) 8 2 was conveniently prepared in high purity from inexpensive materials on a large scale. In this regard, the hydrolytic condensation of 3-(chloropropyl)-trimethoxysilane 1 as the precursor in dry methanol and concentrated HCl in the presence of di-n-butyltin dilaurate as the catalyst was accomplished and the desired octachloropropyl substituted POSS 2 was obtained as white crystal (Scheme 1). Analysis of X-ray diffraction (XRD) data of POSS-(Cl) 8 2 in figure 2 exhibits the crystalline structure of this material.
In the next step, POSS-(N 3 ) 8 3 was prepared via azide exchange of POSS-(Cl) 8 under mild conditions via the reaction of 2 with sodium azide (NaN 3 ) at 120 °C in dry DMF as the solvent. After completion of the reaction, in order to remove the excess amount of NaN 3 , water was added to the solution mixture. Then, the crude product was extracted in CH 2 Cl 2 and after evaporation of the solvent, POSS-(N 3 ) 8 3 was obtained (Scheme 1).
The FT-IR spectrum of POSS-(N 3 ) 8 3 revealed the presence of absorbance peak at 2100 cm -1 , which is characteristic of the azide groups. This indicates that azidofunctionalized POSS has been successfully obtained (Figure 3a,b).
In the final step, octakis(1-propyl-1H-1,2,3-triazole-4-yl(methyl2-chlorobenzoate)) octasilsesquioxane 5 was obtained via the reaction of POSS-(N 3 ) 8 3 and prop-2-ynyl 2-chlorobenzoate 4 under click reaction conditions for 24 h. CuSO 4 5H 2 O/Na ascorbate system was used for the in situ formation of CuI species as the catalyst in this reaction. For this purpose, it was added to the flask containing POSS-(N 3 ) 8 and CH 2 Cl 2 and then, prop-2-ynyl 2-chlorobenzoate dissolved in CH 2 Cl 2 was added to the reaction mixture under vigorous stirring for 24 h at room temperature. After completion of the reaction, excess CuSO 4 and sodium ascorbate were separated by simple filtration, and the product 5 was isolated as a viscose liquid and purified by petroleum ether (Scheme 1). Figure 3c shows IR spectrum of 5. The Si-O-Si stretching absorptions appeared at 1126 cm -1 . New sharp peaks between 1900 and 1500 cm -1 were assigned to the double bond vibration of C=C in triazole rings. Also the aliphatic -CH 2 band was observed at about 2933 cm -1 and missing azide band at 2100 cm -1 was evidence of the click reaction. The C=O stretching absorption of ester group appeared at 1730 cm -1 as a sharp peak. Finally, the stretching absorptions of ethylenic C-H bonds were observed around 3000 cm -1 .
Conclusion
In this study we have described an efficient methodology for the synthesis of octakis(1-propyl-1H-1,2,3-triazole-4-yl(methyl2-chlorobenzoate))octasilsesquioxane as functionalized POSS via »click chemistry«. For this purpose, azide functionalized POSS was synthesized and reacted with prop-2-ynyl 2-chlorobenzoate under click conditions using Cu(I) as catalyst to form polyhedral oligomeric silsesquioxane. Additionally we have developed an efficient procedure for the synthesis of prop-2-ynyl 2-chlorobenzoate via the reaction of 2-chlorobenzoyl chloride and propargyl alcohol in the presence of SBA-Pr-NH 2 as a heterogeneous solid basic catalyst. The use of SBA-Pr-NH 2 in this reaction has the advantages of being reusable and environmentally benign nano-reactor enabling the reaction to take place easily in its nano-pores.
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